ABSTRACT
INTRODUCTION
The role of the central nervous system in the initiation of puberty is well established. According to the hypothesis of McCann (1963, 1965 ) the sexual maturation and the onset of puberty is a changing hypothalamic sensitivity to the negative feed back of gonadal steroids. The onset of male puberty originates within the CNS and is associated with an increase in the size of LHRH neuronal perikarya (Urbanski et al., 1992) , which leads to the initiation of puberty and rise of gonadotropin secretion. The gonadotropins influence the growth and maturation of testis which in turn secretes testosterone (Odell et al., 1973; Odell & Swerdloff, 1976; Ketelslegers et al., 1978; Huhtaniemi et al., 1982) . Meanwhile, both testosterone and gonadotropins provide stimulus for initiating spermatogenesis (Ojeda & Urbanski, 1994) . The changes in testicular androgen production arise because of differences in the development of various enzymes (Payne et al., 1977) .
Sexual maturation in male rat is related with an increase in FSH secretion (Dohler & Wuttke, 1974) . FSH binds within the seminiferous tubules to facilitate spermatogenesis, whereas LH stimulates testosterone secretion by direct action on the interstitial cells (Ojeda & Urbanski, 1994) .
Nictoine, being a central nervous system influencing drug, interferes in many endocrine activities related to reproduction. It inhibits the release of FSH and LH from the pituitary (Blake et al., 1972; Blake, 1974 Blake, , 1978 . Nicotine administration or exposure to cigarette smoke inhalation to rats and hamsters results in testicular degeneration (Viczian, 1968; Tsilikov, 1969) . Induction of precocious puberty in the female rat after chronic naloxane administration during neonatal period was studied by Srinathsinghji et al. (1984) . Yasanaga et al. (1979) have shown that nicotine treatment to female rats from the day of proestrous to day 3 of pregnancy resulted in a 12 h delay in cleavage of ova from the 2-cell to 4-cell. Studies on the effect of such drugs, especially on the onset of male puberty, remain scarce. Therefore, it is of interest to study the effect of nicotine on puberty in male albino rats.
MATERIALS AND METHODS
Immature healthy male albino rats of Wistar strain from inbred colony weighing 45 to 50 g, 30 days old were selected for the experiment. The animals were maintained at room temperature of 28 Ϯ 2 °C with lighting schedule of 12 h light and 12 h darkness. They were grouped in individual cages, each containing 8 animals and fed a balanced diet as described by Central Food and Technological Research Institute (CFTRI) Mysore, India and water ad libitum.
The animals were divided into four groups and treated with saline or nicotine either orally or intraperitoneally to study the effects of two different routes. Group 1: Received 0.2 ml saline orally for 30 days with the help of intragastric catheter tube and served as control for group 2. Group 2: Received 0.3 mg nicotine/100 g body weight orally in 0.2 ml saline with the help of intragastric cathether tube every day for 30 days. Group 3: Received 0.2 ml saline intraperitoneally every day for 30 days and served as control for group 4. Group 4: Received 0.3 mg nicotine/100 g body weight intraperitoneally in 0.2 ml saline every day for 30 days. This dose of nicotine was determined by the earlier studies in our laboratory.
All the animals were sacrificed by decapitation 24 h after the last injection. The testis, epididymis, seminal vesicle, prostate gland and vas deferens were dissected out immediately and separated from the adherent tissue, and weighed to the nearest mg on an electronic balance. Organs from one side of each animal were fixed in Bouin's fluid for histological studies. They were embedded in paraffin, sectioned at 5 , stained with Ehrlich's haematoxylene and eosine. The micrometric measurements like diameter of epididymis and vas deferens, the epithelial cell height of epididymis, seminal vesicle, prostate gland, vas deferens and lumen diameter of vas deferens were made from 20 randomly chosen sections, from each group appearing round at section by using ocular and stage micrometers. The sperm count from cauda epididymis was done by the method described by Kempinas and Lamano-Carvalho (1987) . Organs from the other side were used for biochemical estimations.
The total cholesterol content of testis and accessory sex organs was estimated by the Liberman and Burchard method as described by Peters and Vanslyke (1946) . The protein content was estimated by the method described by Lowry et al. (1951) . Nucleic acids were determined by the method of Glick (1958) and that of phosphatases activity by the method of Taussaky and Shorr (1953) . Statistical analysis was done by the method described by Sendecor and Cochran (1974) and employed Student's t-test.
RESULTS

Gravimetric Changes
Oral administration of nicotine had no discernible effect on the weight of testis and accessory sex organs such as epididymis, seminal vesicle, prostate gland and vas deferens when compared to saline treated controls. However, intraperitoneal administration of nicotine caused significant (pϽ 0.01) reduction in the weight of testis and accessory sex organs (Table 1) .
Biochemical Changes
Protein
There was a slight decrease in the protein content of testis and accessory sex organs due to oral administration of nicotine. However, it was reduced significantly (p Ͻ 0.05) in intraperiotenal nicotine administered group when compared to saline treated controls (Tables  3-7) .
Cholesterol
The total cholesterol content of testis was reduced significantly (p Ͻ 0.05) and that of accessory sex organs was not changed significantly due to oral nicotine treatment. However, a significant (p Ͻ 0.01) increase was observed after intraperitoneal administration of nicotine in all the organs when compared to saline treated control groups (Tables 3-7) .
Nucleic acids
The DNA content of testis and accessory sex organs was reduced non-significantly due to oral administration of nicotine. A significant (p Ͻ 0.01) reduction in the DNA content of these organs was observed due to intraperitoneal administration of nicotine.
Nonsignificant reduction of RNA content due to oral administration and a significant (pϽ 0.01) reduction in RNA content of the testis and accessory sex organs was seen after intraperitoneal administration of nicotine (Tables 3-7) . Phosphatases Unlike nucleic acids, the acid and alkaline phosphatases show a differential response to nicotine treatment. Acid phosphatase activity was reduced and alkaline phosphatase activity was increased in testis In contrast, alkaline phosphatase activity was increased significantly (p Ͻ 0.01) in cauda epididymis, seminal vesicle and vas deferens, while testis, caput epididymis and prostate gland showed a highly significant (p Ͻ 0.001) increase in alkaline phosphatase (Tables 3-7) .
Histometric changes The epithelial cell height of both oral and intraperitoneal saline treated control groups showed tall, healthy, columnar and secretory activity. A significant decrease (p Ͻ 0.01) in the diameter of caput and cauda epididymis and epithelial cell height of caput and cauda epididymis, seminal vesicle and prostate gland, and a significant reduction in the diameter of lumen of vas deferens was observed after intraperitoneal administration of nicotine (Table 8) .
Sperm Count Reduction in the total sperm count of cauda epididymis was observed in the oral nicotine administered group (p Ͻ 0.01). However, the intraperitoneal administration of nicotine resulted in complete absence of sperm in cauda epididymis (Table 1) .
DISCUSSION
Onset of male puberty originates within the central nervous system, along with the major endocrine events which are preceded by an increase in the size of LHRH neuronal perikarya (Urbanski et al., 1992) . As the animal matures, the testis become more sensitive to gonadotropins, so testosterone production by the testis becomes enhanced. Testosterone, being an important androgen, plays a pivotal role in several aspects of sexual maturation, behaviour, spermatogenesis, differentiation and maintenance of accessory sex organs (Ojeda & Urbanski, 1994) . The synthesis and release of andorgens is dependent on the pituitary gonadotropins like FSH and LH/ICSH. Both FSH and LH are essential for testicular function and spermatogenesis (Connell & Eikness, 1968; Johnson & Ewing 1971; Hansson et al., 1973) . LH is the main tropic regulator of Leydig cell function without which androgen production is not possible (Huhtaniemi & Toppari, 1995) .
It is well documented that nicotine inhibits the release of FSH, LH and prolactin from the pituitary (Blake et al., 1972; Blake, 1974 Blake, , 1978 Anderson et al., 1982) . Cigarette smoking or nicotine treatment results in testicular degeneration, deficiency of male sex hormone and reduction in sperm count (Viczian, 1968) . In the present investigation, reduction in the weight of the testis may be due to the nicotine inhibited release of gonadotropins.
Decrease in the weight, protein, DNA and RNA content of the testis and accessory sex organs indicate a poor growth rate. Significant increase in the cholesterol content of testis and epididymis of nicotine treated rats may be due to the reduced androgen production, which is dependent on the pituitary gonadotropins. Decrease in the acid phosphatase in testis and accessory sex organs, especially in ventral prostate, is due to the decline in the endogenous androgen production (Choundhary et al., 1990) . Increase in the alkaline phosphatase activity indicates the suppression of spermatogenesis (Akbarsha et al., 1990) . The lower sperm count observed in the oral nicotine treated group and absence of sperm in the intraperitoneal nicotine administered group along with the reduction in acid phosphatase activity and increase in alkaline phosphatase activity seen in the present study also support the above view.
High content of testicular cholesterol, reduction in the weight of accessory reproductive organs along with their biochemical changes and absence of epididymal sperms after chronic nicotine treatment indicate the delay caused by nicotine in the attainment of puberty.
